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The estimates of  proton 
are i n  f a i r l y  good agreement 
IMP-2 and OGO-1. The authors 
pertl irbations rEther than  t o  

temperature of in t e rp l ane ta ry  plasma on 
with t h e  r e s u l t s  obtained on MARINER-2, EXPLORER-1.0 
a t t r i b u t e  these  temperatures t o  s o l a r  plasma proton 
conditions i n  t h e  so l a r  corona. 

VENERA-3 

* 
* *  

One of the experiments conducted aboard spacecraft 'Venera-3" launched 
i n  November 1965, was devoted t o  the study of solar  wind parameters with the 
a id  of a modulation t rap of charged par t ic les  [ l ] .  
gion from 0 t o  3600 ev were obtained during the experiment; t h e i r  analysis 
allowed us t o  estimate the temperature of protons i n  the so la r  wind. One of 
the most charac te r i s t ic  examples of spectra used f o r  such estimates i s  shown 
i n  Fig.1 (obtained on 24 November 1965 a t  1 2  h.09 min). 
are  the values of p a r t i a l  ion fluxes i n  each energy in te rva l  N, and i n  abscissa 
the values of energy E (on lower axis) a t  the boundary of each interval  and the 
values of proton veloci t ies  v corresponding to  these energies (upper axis) .  

As indicated i n  [ l ] ,  spectra,  i n  which fluxes were present i n  numerous 
energy intervals  ar-d analogous t o  the spectrum of Fig.1, were observed rather  
frequently, j u s t  as the spectra,  where the f lux was present only i n  a s ingle  
in te rva l  (see Fig.2, t h i s  being obtained on 19 December 1965 a t  13 h. 15m.  13s;). 
Alongside with them were observed spectra, when fluxes close i n  magnitude were 
registered i n  two neighboring intervals.  I t  was noted i n  [ l ]  tha t  one of the 
possible explanations of spectra of the l a t t e r  type may be the penetration of 
the more rapid plasma f lux in to  the flux, moving more slowly. 

Energy spectra i n  the re- 

Plotted i n  ordinates 

(*) OTSENKA TEMPERATURY PTOTONOV MEZHPLANETNOY PLAZMY PO DANNYM POLUCKEN - 
NYM h?A KOSMIMESKOM APPARATE '%%?ERA-3" 
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We sha l l  l i m i t  ourselves t o  the consideration of spectra of two types 
and we sha l l  postulate t ha t  they r e f l ec t  the dis t r ibut ion by veloci t ies  of 
pa r t i c l e s  i n  the so la r  wind. 
i n  one in te rva l ,  we may consider that  i n  intervals  adjacent t o  it fluxes did 
not exceed the t rap 's  threshold response equal t o  % l o 7  

In a system of coordinates linked with the spacecraft and so chosen 
tha t  the axis z coincide with the direction of the incoming ion flux, the 
spectra  obtainzd may be described by the following expression: 

where N is the flux of protons with energy equal t o  the average energy i n  each 
spectral  interval ;  vz is the mean value i n  each spectral  in te rva l  of the pro- 
j ez t i zn  on the axis z of the velocity 3 of par t ic les  r e l a t ive  t o  the device; 
f ( v ,  vo)  a re  the valces of the dis t r ibut ion function averaged by each spectral  
in te rva l ;  ?f0 is  the directed velocity of plasma motion. 

t, 

For spectra i n  which flux was registered only 

sec-l . 

N - v z f < t ,  v?), 

' 

Hence 

where €2 = mvz2/2 i s  the mean energy of p a r t i c l e s  i n  the given interval .  

We sha l l  assume tha t  the dis t r ibut ion of par t ic les  i n  the so la r  wind i n  
a system of coordinates moving with velocity q0 ( in  which the directed plasma 
motion is absent), may be considered as Maxwellian. 

The experiment was s e t  up i n  such a way tha t  it was not possible 
in to  account the anisotropy of temperature introduced by the magnetic f i e l d  
frozen i n  the so la r  wind plasma. (According t o  the l a t e s t  estimates made i n  
the works [2, 31 , TlI/TL cannot be Q 2 -5). Despite t h i s ,  the estimate of the tem- 
perature of protons brought out below appears t o  be appropriate from our own 
viehipoint, f o r  it provides the possibi l i ty  of comparing the data obtained 
with analogous estimates made from the r e su l t s  of other experiments. 

t o  take 

In the assumption tha t  the dis t r ibut ion of par t ic les  by ve loc i t ies  i s  
isotropic ,  we sha l l  have 

>* 

m [ v 2  + upa + (v. - vo)7 
( kT 

N 

YE2 

f - - & e x p -  - 

where T i s  the temperature of solar  wind protons, - k is  the Boltzmann constant, 
- m is the mass of the protons. 

directed motion velocity of protons of so l a r  wind corresponds t o  the mean value 
of velocity i n  the spectral  interval with maximum value 
Let us denote t h i s  quantity by N(vo) / Go o r  f (i?,) . 

For fixed vx and vy function f (cy CO) has a maximum a t  vz = vo  , then the 

f(v,, vv, vz = v o ,  q0). 
Then 

. . ./. . . 
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(6 - 5 0 )  2 
f@d N (uo) 6 (yz - YG) -2 

* T =  H In --- CI In 

f ( ; t ; + O )  l G N ( v , )  kT N (VO) IC k In=- 
le0 N ( v z )  

In t h i s  way the dis t r ibut ion function f was constructed by the spectra 

Inasmuch as  the values of the d is t r ibu t ion  function 
of the type shown i n  Fig.1, and then the tezperature T was estimated with the 
a i d  of formulas for  T. 

v, km/sec 
3U6' 51U-66fl 775 

Fig. 1 

415 58fl 720 U20 

43u /!5U 22% y5f7 
9UU /8#0 27Ut 3#0 

E, ev 

Fig. 2 
- 

i n  each interval  were computed f o r  the average energy, as  was shown above, 
the e r ror  
of the interval  value. 
by the formula 

i n  the i n  the determination of E, a n d E O  was equal t o  the half  
Then the e r ror  i n  the estimate of T can be computed 

AI" Ae kT (& + 60) } _ -  -:(I-- 
T IE~EO 2 !Ere0 0% - G) 

Only the upper temperature l i m i t  was determined by the spectra of the 
type shown i n  Fig.2, inasmuch as the estimate could be made only by consider- 
ing tha t  the value of the f lux i n  the energy interval  adjacent t o  the interval  
containing the registered flux was equal t o  threshold % l o 7  cm-2 sec-' .  
r e a l i t y  i n  t h i s  interval  the f lux  could be lesser .  

In 
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For spectra shown i n  Fig.2 T d  2 ,  the estiigated temperature was found 
t o  be equal t o  respectively 4 *10 The temperature estimated 
by the spectra obtained f o r  the period from 16 February 1965 t o  7 January 1966 
a t  distances from the Earth 1 0  mill ion lan is included i n  the in te rva l  of 
values of about 1 t o  5 * l o 5  O K .  The maximum er ror  a t  detennination of T was 
15  t o  20 percent. 

O K  and 2 - 1 0  O K .  

The values obtained fo r  T are not i n  contradiction w i t h  the well known [4] 

nor do they contradict the data by Bonetti e t  a1 [5] according t o  
estimates by Neugebauer and Snyder from data obtained on MARINER-2 (3 104 to  
5 ' l o 5  O K ) ;  

data of EXPLORER-10 (% l o 6  OK) , o r  the resu l t s  of Wolfe, Silva and Myers on 
IMP-2 and-OGO-1 (2 '10' O K )  [ 6 ] .  

I t  obviously can not be said,  whether t h i s  temperature, determined by 
velocity dispersion, w i l l  or w i l l  not be the measure of the t rue  chaotic ther-  
mal motions i n  the plasma and the charac te r i s t ic  of  conditions exis t ing i n  the 
so l a r  corona, which is the source of the so l a r  wind. 

In connection with the existence of so la r  plasma proton perturbations i n  
interplanetary space (hydromagnetic osc i l la t ions ,  col l is ionless  shock waves 
occurring i n  the cases when the high-velocity f lux i s  met with a slower one) 
the temperature evaluated apparently characterizes t o  a greater degree these 
perturbations rather  than the conditions i n  the so la r  corona. 
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